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Q prob}em of the effect of carbon content on hydrogen
diffus; in steels has been examined repeatedly in the litera-
turg)[l v 3*xbnt npe final solution has been obtained up to
this tm@ .

[ﬁ% haye investlgated the effect of carbon content on the
diffusion of hydrogen in carbon steels melted under plant con-
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Figure 1, Diagram of the vacuum apparatus for determining
the permeability of hydrogen into metals.
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[Eae penetration of hydrogen through single membranes made
of 20, 30, 40, U8, and 20Knh steels was studied, A vacuum appa-
ratus was designed for this purpose,] (Figure 1).

The hydrogen content was determined by means of a volu-
metric method\withhthe aid of a MacLeod-Topler pump... .In order
to maintain hydiogen at constant pressure in the part of the ap-
paratus in front of the membrane, we utilized a vacuum manostat
of simple design (Figure 2). When the apparatus was degassed
and hydrogen was then admitted for cleaning and reducing the
metal reacter, the mancstat valve was opened. As soon as a
certain hydrogen pressure was established, the valve was closed.
As the pressure in the apparatus was reduced, the mercury 1lh the
manostat rose in the open part of the manostat due to the former
pressure, with the result that the pressure in the part of the
apparatus jn front of the membrane remained constant. As was
shown in the course of the work, the vacuum manostat operated
reliably and effectively. _

Figure 2. The vacuum manostat used in this work.

The work was done in the following sequence: At the be-
ginning of the experiment, the apparatus was pumped out to a
high vacuum, then hydrogen was admitted into the reactor which
had been heated to 700 to 800° in order tc rid the internal
wall of the metal reactor cf scale. This heating continued for
an hcur, with alternating pumping cut and admission of new
charges of hydrogen. Then the entire apparatus was degassed .
during heating, thus reducing the apparatus correction to a .
minimum value, -
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' After the apparatus correction was reduced to a minimum,

the furnace wes turned off and when 1t was cooled down to 4000,
valve 1 was opened and hydrogen was admitted to a certain pres-
sure in the part of the apparatus in front of the membrane., The
amcunt of hydrogen which diffused through the membrane was
measured at even time intervals. When the temperature was below
400°, the diffusion process proceeded slowly, the amount of hy-
drogen which had diffused through the membrane exceeded the
apparatus gorrection by only an insignificant amount, thus there
was no need to conduct determinations.

Establishing the same amount of hydrogen diffuslon through
the membrane in equal time intervals indicated that a constant
rate of diffusion of hydrogen through the membrane at a given
temperature had been achieved. As soon as we had obtalned two
identical readings, we went on to determinations of hydrogen at
a higher temperature.

Tt 4s easy to calculate the permeability of hydrogen 1into
steel from the experimental data obtained from the penetration
of hydrogen through a membrane.

As shown by Smithels, the permeability is determined by
the eqguation

q = K,\/760 e 0/t

The equation can be represented in semllogarithmic form
as B

log Q ='C - B/T,

where @ 18 the guantity of gas in microliters which has dif-
fused through a layer 1 square centimeter and 1 millimeter thick
at normal temperature and pressure in 1 minute; C = log Ko +

+ 6,090k ;

B = EO/Z'L" «575;

Ko is a constant which depends on the nature of the gas énd the
metal,

Thus, the constants C, B, and the activation energy can
be found easlly if we know Q and the temperature. .




Table 1

Primary Experimental Data Obtained from the Pene-

tration of Hydrogen through a Membrane PH

2
= 287 mm Hg.
Type of Steel| Temperature, | q, ml/hr-loz, Penetration
| cc d = 0,1 cm
Steel 20 935 41,7
875 33.2
825 31.5
800 33.2 15
730 23.9
655 17.8
575 9.5
Steel 30 900 4y .8
860 38.0
840 31.5
820 36.5
780 31.5 20
745 26.3
695 21,0
600 13.3
Steel 40 905 25.2
840 27.8
7990 20.7
715 48,0 20
650 15,2
¢ 580 10.1
Steel U8 8140 14,56
T75 11.2
74O 10.8
T15 10.8 20
690 7.9
610 4.5
535 2.8
Steel 20Kh 885 35.8
835 33.8
780 iy 1
690 25.2 20
620 21,0
400 6.4




Log ¢q
A

o4}
03}
02}

O

ot
YA

=02

WR

L S

kog q
[ L

. Log

~o1

.. 00t

;Lqu

04
03}
02}

01}

o1}

02l

4708 09 1.0 11 f.zl”f‘l‘l'

Log q'

x . 03¢

a2

X

ok
,";4_0,1 _i )
-7-¢z

03

=0,4

% R 3 P
arirsa 2l

"0708 29 1,0 11 1.2 13 4%

Figure 3, The permeability of hydrogen versus 1/T:

a - for steel 20; b ~ for steel 30; ¢ -~ f
at . & 2 - for .
d - for steel U8; e - for steel SOk steel 40;




Table 2
The Results from Calculating the Value of B fcor &-Fe

Grade of Steel Value of B
20 20.17 % C) 4,600
30 (0,27 % CS 4,600
40 (0.36 % C) 4,600
U8 (0.82 % C) 5,300
20Kh 6,600

Values of the permeability in neml/hr em® with a mem-
brane thickness of 0.1 cm were obtained by simple calculatlons
(Table 1).

Figure 3 shows log g plotted versus 1/T for the steels
under study. The values of B presented in Table 2 were com-
puted by means of these curves. The values of B were computed
for &-Fe; no computations were made for the 7Y-region due to
the small amount of data.

The value of B for carbon steels remained constant up
to 0.36 per cent carbon, it grew a little when the carbon con-
tent was increased to 0.82 per cent, and differed sharply from
the value for steel containing chromium. '

This increase in the value of B for 20 Kh steel may be
ascribed exclusively to the presence of chromium as the 0.17
per cent carbon content, as shown by the data presented here,
éid not affect the value of B.

Figure % shows regions of permeability of hydrogen for
X -Fe in carbon steel. Steels which have the same value of B
have different coefficients C.

After computing the value of C for carbon steels, we
showed the dependence of C on the carbon content in steel gra-
phically (Figure 5). Figure 5 also shows values of C for pure
iron which were determined by Smithels and Ransley [5]. The
experimental points and the values of C, according to the data
of Smithels and Ransley, fit a curve of the rectified hyperbola
quite well. This curve makes it possible for us to determine
values of C for any carbon steel of hypoeutectic composition.
Thus, one can assert that the rate of diffusion drops with
changes 1in the carbon content.
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Figure 4, The permeability of Figure 5. The coefficient C

H, vs 1/T 4n the A-Fe region, plotted as a function of the

1 - st,,ggi 2 - 5t.30;
3 - St. uq; 4 - St, U8.

When the results we obtained are compared with the data
of other authors, one's attention is drawn to the difference
in valyes af C. According to our data, the value of C de-~
creases when the carbon content is increased, but according to
the data of Pennek and Klotzback, it increases. Table 3 shows
values of B and C for carbon steels we have computed (accord-
ing to the data of Bennek and Klotzback).

Table 3
The Value of B and C
C% soft 0,13 0,47 0,99
iron
C 3,88 3,97 4,08 4,71
B 4600 4600 4800 - 5600




As shown in Table 3, the value of C grows with an in-
crease in the carbon content in steel.

According to our data, the values of B run about 4,600;
according to the data of Bennek and Klotzback, about 4,600; .
according to Chang and Bennet, 4,400; and Smithels and Ransley,
4,600 to 4,800. ‘

Thus, the values of B as given by different authors are

close to one value, since veriations within limits of several
per cent may be ascribed to experimental error.

Since carbon in iron forms arn interstitial lattice and
hydrogen is dissolved in such a lattice, it is natural to assume
that when the number of interstitial carbon atoms is increased,
the solution of hydrogen in the latter will be retarded and the
diffusion process will likewise be retarded.

This is particularly clearly manifested in the coeffici-
ent C, which is a complicated function, as we present it, that
depends not only on the nature of the gas and the metal, but also
on the type of lattice, its parameters, and on impurities,

In connection with the foregolng, one must consider
growth of values of C wilth increased carbon content as unjusti-
fied, for when the carbon content is increzsed, the value of B
changes insignificantly and an increase in C will lead to an
increase in the rate of hydrogen diffusion.
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